CHAPTER 11
PRESENTATION OF EQUIPMENT
LESSON PLAN 11

METHOD:
Lecture, conference, and demonstration
TIME ALLOTTED:
1.5 hours
COURSE PRESENTED TO:
a Instructors
b. Unit NCOs
C. TSC personnel
TOOLS, EQUIPMENT, AND MATERIALS (Per Student):
a Student handout

b. TM 9-6920-710-12& P-1
C. TM 9-6920-711-12& P-1

PERSONNEL:
a Primary instructor
b. Assistant instructor

INSTRUCTIONAL AIDS:

a Overhead projector
b. Viewgraphs (Appendix A)

REFERENCES:

a TM 9-6920-710-12& P-1

b. TM 9-6920-711-12& P-1

C. Student Handout (Appendix B)
APPENDICES:

Appendix A. Viewgraphs
Appendix B. Student Handout
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INTRODUCTION. (5 minutes)
Show Slide 1.

Reason. To be ableto teach, instruct, and assist crews using PGS, the instructor must have an
in-depth knowledge of the operation, function, and capabilities of PGS and its components.

Show Slide 2.
Training Objective. Inaclassroom environment, given astudent handout and TM 9-6920-710-

12& P-1and TM 9-6920-711-12& P-1, you will becomefamiliar with the function and capabilities
of PGS and its components.

Procedure. During thisblock of instruction we will discuss the functions and capabilities of PGS
and its components.

LECTURE/CONFERENCE/DEMONSTRATION. (80 minutes)
Show Slide 3.

PGS Design. The PGS training system consists of two parts. the PGS simulator, consisting of
components that are mounted to the M2/M 3 series BFV and the Training Data Retrieval System
(TDRS), consisting of a computer unit and software used to set up and evaluate PGS training.

(@D PGSsimulator. The PGS simulator can be divided into two sub-systems. firing system
(FS) andtarget system (TS). Thefiring system performsthe simulations of TOW, 25 mm
gun, and coax firing. The target system performs the smulations of the effect of an
ammunition impact on the vehicle. Some of the components that make up the PGS
simulator are used both by FSand TS.

2 TDRS. The TDRS contains a laptop computer with software to set up exercises with
traning data and evaluate and store data collected during PGS training. Data is
transferred between simulator and computer by the TDRS memory card.

Show Slide 4.
3 Major components of firing system.

@ Transceiver unit. The transceiver unit performs the balistic calculations and al
the transmissions/receptions of coded laser pulses needed to complete a
simulation.

(b) Tracer, burst, obscuration simulator (TBOS) system. Simulates visual effects of
firing in the commander's and gunner's sights of the M2/M3 BFV.
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Show Slide 5.

(4)

Major components target system. This system performs the target simulation for a
vehicle under attack by TWGSS/PGS or MILES firing vehicles. It simulates the target
outline and vulnerability of the vehicle it smulates. The TS consists of:

(@  Target computer unit
(b)  Retro detector units (4)
(© Hull defilade detector units (4)

Show Slide 6.

(5)

Common components. Thefollowing componentsare common to both firing and target
systems:

@ Remote system interface (RSl) assembly. This assembly stores data on vehicle
position and provides system time monitoring/updating to PGS.

(b) Vehicle interface assembly. This assembly monitors and injects signals into the
vehicleto allow the crew to perform normal gunnery procedureswith asimulator.
Both firing and target systems use the vehicle interface assembly during
simulation.

(c) Operator interface. The control panel isthe operator interface between PGS and
the crew. The control panel allows the downloading of PGS training parameters
and storage of training data collected during the training exercise. Both FS and
TS datais presented and stored.

Show Slide 7.

(6)

System bus. Mgor components in PGS are linked together on a high-speed data bus
caled Controller Area Network (CAN). Thislink is similar to the 1553 link used in the
M1A2. The high-speed data busis used for communication between components within
the system and to distribute power to all PGS components. The data bus connects to
transceiver unit, TBOS driver unit, target computer unit, vehicle interface unit, and
control panel.

Show Slide 8.

Transceiver Unit. The transcelver unit uses conditionally eye-safe laser transmitters for the

simulation of projectiles and TOW family of missiles. The laser transmitters use laser light
compatiblewith thelasersused by MILES. PGS simulates projectilesand missilesinrea timeand
with the correct ballistics and dynamics of real ammunition. The transceiver unit performs the
simulation of projectilesand TOW missilesbased on firing tablesfor combat ammunition, thereby
enabling precision gunnery.

11-3



11-2.

Note.

Note.

Note.
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Show Slide 9.

(@D Functional principleof laser light simulation. Laser light cannot replicate the curved
trgjectory of aprojectile or aguided missile dueto the fact that it is much faster and does
not travel in a curved trgjectory. In order to use laser light to ssmulate a projectile, the
transceiver unit must combine ballistic calculation, laser light transmission and reception,
and gyrostabilization into a smulation of afired projectile.

(@

(b)

(©)

The transceiver unit performs the complete ballistic smulation. The computer
ingde the transceiver unit calculates the position of the projectile/missile it
simulates continuoudly throughout theflight path. The simulation of the projectile
or missileisin real time and according to firing table data.

In order to use laser light to simulate a curved projectile, the system continuousy
transmits pulses around the position where the simulated projectile is located
during its trgectory. Each pulse is transmitted and evaluated for received
reflections. The system scans the pulses around the position of the projectile.
Targets used during PGS training must be equipped with retro detector or
reflector unitsin order for the transceiver unit to determine an impact point on the
target.

Show Slide 10.

2 Flying volume.

(@

The transceiver unit contains laser transmitters that send out laser pulsesthat are
shaped as long narrow lobes. These laser pulses are transmitted continuously
during simulation to detect targets. By combining scanning, transmission, and
reception of laser lobe pulses, a flying volume is created around the smulated
projectile. The flying volume is simulated with the same ballistics as the actua
projectile. The reference used for smulation is the direction of the gun barrel at
the instance of the smulated round leaving the muzzle.

Show Slide 11.

(b)

The flying volume is moved forward with the speed of the smulated projectile.
Laser pulses are scanned around where the round is positioned in the air. Only
laser pulses reflected from targets positioned within the flying volume are acce-
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pted by the transceiver unit. 50,000 pulses can be sent out during a simulation to
detect targets. Each pulse transmitted is evaluated for areturned reflection from
atarget within the flying volume.,

Note. Show Slide 12.
3 Gyro stabilization.

@ The flying volume is stabilized during smulation by the gyros of the transceiver
unit. This enables fire on-the-move or movement of the gun barrel during
simulation without the projectile following the gun barrel movement.

(b) The same gyro compensates for cant angle if the round is fired with the vehicle
positioned with cant. Thiswill enabletheround to drop correctly inrelationto the
ground plane.

(c) The gyro is also used to adjust the TOW missile's flight path. The tracking
movement of the gunner is sensed and the missile's flight path is adjusted with the
guiding movements.

Note. Show Slide 13.
4 I mpact point deter mination.

€) Impact point determination occurs when the flying volume (simulated projectile)
has reached the retro detector/reflector-equipped target and reflections from the
target are detected by thetransceiver unit. Thesereflections are used to determine
the ssimulated projectile’'s impact in relation to the retro reflector.

(b) The system usesthree lasers shaped like narrow, long beams. The beamsare used
(through scanning) to determine where the retro reflector-equipped target is
positioned in relation to the simulated round.

(©) The information of where the smulated round will impact together with the
ammunition type fired and identity of firing vehicleistransmitted to the target by
the transceiver unit when impact point determination isin progress.

(d) Impact point and ammunition type information enable the target system to
perform an independent evaluation of the round impact effect. Thisevaluationis
based upon pre-programmed target system data like vehicle type, size, outline,
and vulnerability.

Note. The firing system cannot distinguish between target vehicle types. The firing system only
calculates the impact point in relation to the retro detector/reflector and transmits the impact
point and ammunition type to the retro reflector.
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Note. Show Slide 14.
(5) Engagement results.

€) The transceiver unit evauates the firing system engagement by comparing the
determined impact result with atemplate. If theimpact iswithin the template, the
simulation is stopped and the result of the engagement is presented. If theimpact
is outside the template, the simulation continues in search of other targets.

(b) The fired upon target system, based upon the received impact point and
ammunition type, calculates the effect on the target vehicle. This is done
independently of the firing system'’s eval uation. The correct vehicle impact result
during aforce-on-force exercise is found in the target system.

Note. Show Slide 15.

(6) Ballisticsmulation. Thetransceiver unit performstheballistic smulationfor thevarious
rounds and TOW missiles based on firing table data and flight dynamics of missiles. The
following datais used:

@ Bdligtic trgectory, velocity, and time of flight of theM 791 AP and HEI-T 25 mm
rounds.

(b) Ballistic trgjectory, velocity, and time of flight of the coax M60 type round.

(©) Flight dynamics, velocity, and time of flight of the TOW family.

(d) PGS is system accurate within £0.2 mils. If desired, the trainer can program an
ammunition dispersion of £0.5 milsfor AP and HE and + 1.0 mils for coax.

Note. Show Slide 16.

@) I nformation transmission totar get system. Thefiring system transmitsinformation to
the target system. Thisinformation is used by the target system to calculate the impact
point and the effect of around on the target. The following information is transmitted:

€) Hit position in elevation and azimuth. Thisis used by the PGS target system to
determine impact point in the target.

(b) Ammunition type fired. Thisis used by the PGS target system in the calculation
of impact effect.

(c) Player identification. This is stored by the target system and is used for result
pairing during the AAR.
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1. The MILES information istransmitted at the impact point of the ssimulated round.
2. TheMILESinformation issent at the aming point used for targetsthat are not equipped with
aretro reflector. The MILES transmission is performed after the completed firing simulation

(d) MILES. The transceiver unit transmits MILES firing information after a
completed PGS simulation in order for LTIDs and MILES target systems to
function.

Show Slide 17.
(8) Transceiver unit mounting on rotor extension.

@ Protection. Theunitismounted insidethe mounting bracket for protection against
dirt and damage. The unit is sealed and protected against vibration and shock.

(b) Transceiver unit position. Because the transceiver unit is mounted on the rotor of
the gun, itisableto pick up gun/sight misalignment at the moment of trigger pull.
These misalignments normally occur due to vibration when firing on the move
over rough terrain.

(c) Misalignment of gun/sight relationship. The ssimulation will be affected by crew-
induced errors such asincorrect boresighting. This requiresthe crew to correctly
perform the prepare-to-fire and boresighting procedures.

(d) M echanical play between sight and gun. Mechanical or electrical errorswithinthe
turret weapons will show up as errorsin the result of the simulation.

Tracer, Burst, Obscuration Simulator (TBOS) System. The TBOS system simulates the
effects of rounds fired with 25 mm gun, coax, and TOW.

Show Slide 18.
D TBOS system design.
@ The TBOS driver unit initiates and computes the TBOS simulation.
(b) TheTBOSeyepieceunitspresent TBOSeffectsthrough asemi-transparent mirror
in the ISU and ISUCE fields of view.
(c) The TBOS driver unit is connected to the CAN data bus.
Show Slide 19.

2 TBOS effects. The TBOS effects are presented in the ISU and |SUCE day and thermal
modes. The following effects are presented:
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(@
(b)

(©)

Tracer smulation. Tracer effects are smulated in all sights with realistic burn
times and zooming effects. The tracer effects can be switched off.

Burst simulation. Burst on target and burst on ground are simulated. Thesizeis
dependent on ammunition type and on the range to the impact. Ground burst
effects are smaller than burst on target effects. Burst effects can be switched off.
Obscuration simulation. Obscuration is ssmulated for TOW firing only. The
instructor can program the obscuration time from 0-5 seconds.

Note. Show Slide 20.

(©)) Tracer template. Thevisual effectsof the TBOS simulation are controlled by atemplate.
The template sizes used are T80 frontal for TOW, BMP frontal for AP and HE, and a
kneeling soldier for coax. The following happen with TBOS effects when firing in the

different template areas:

€) Area A. If area A is hit, smulation is stopped. A burst on target indication is
given. Burst on target indication is bigger than burst on ground indication.

(b) AreaB. If area B is hit, smulation is stopped prior to reaching the target and
burst on ground indication is given at the impact point between projectile and a
simulated ground plane.

(©) AreaC. If areaCishit, simulation continuesuntil the ssimulated projectile reaches
maximum simulated range (if this happens prior to a ground hit) or hits the
simulated ground plane.

(d)  AreaD. If areaD ishit, the tracer simulation stops at the top of the template or

the ssimulation continues (with the tracer simulation switched off) until the
ammunition reaches maximum range simulated or the smulated ground plane.

Note. Show Slides 21, 22, and 23.

4 TBOS system components.

(@
(b)
(©)

11-8

The TBOS system for the BFV consists of a TBOS driver unit and two TBOS
eyepiece units, one for gunner's sight and one for commander's sight.

The TBOS driver unit initiates the TBOS simulation and calculates tracer
position, burst indications, etc. into the TBOS eyepiece units.

The TBOS eyepiece units present TBOS effectsinto the optics of the BFV sights.
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Show Slide 24.

Target System. Thetarget system determinesif aprojectile hits or missesthetarget. If the target
is hit, the system simulates the effect the projectile would have on the vehicle. The effect of the
round is indicated with strobe lights and sound cues in the intercom. Each round fired at the
target isindividudly evaluated. Accumulative effects, of firing in the same area of atarget, are
not considered during target system evaluation.

Show Slide 25.

D System design of target system. The block diagram shows the connections of retro
detector units (RDUs) and hull defilade detector units (HDDUS) to the target computer
unit (TCU). The TCU is connected to PGS through the CAN link.

Show Slide 26.
2 Target system main functions.

€) Receiveinformation. Thetarget system receivesinformation from TWGSSPGS-
or MILES-equipped vehicles. The target system aso receives information from
control guns (CGUNS).

(b) Determine angle of attack. The target system is equipped with eight detectors
which are used to define 12 sectors. Each sector is 30°, providing atotal of 360°
coverage. Each of these 12 sectors replicates the target’s outline, size, and
vulnerability.

(c) Determine MISS/HIT. The target system determines HIT or MISS based upon
received hit coordinates and target aspect angle.

(d) DetermineMOBILITY KILL/WEAPONKILL. If thevehicleisassessedas HIT,
the target system determines if a MOBILITY KILL or WEAPON KILL has
occurred. The type of kill is based upon the actua impact point of the round on
thetarget (suspens on/track or weapon components) and thetarget'saspect angle.

(e) Determine catastrophic KILL. If the vehicleis HIT (not MOBILITY KILL or
WEAPON KILL), theprobability of kill isassessed based upon vulnerability data
A random generator isused to determineif vehicleisKILL or only considered hit.
The higher the kill probability the higher the chance to be killed.

) Indicate the effect. The effect of the round impact isindicated to thefiring vehicle
through the strobe lights of the target vehicl€'s retro detector units. The effect is
indicated to the crew in the target vehicle through the sound cuesin the intercom.
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Note.

Note.
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Show Slide 27.

3)

I nfor mation r eceived by tar get system. Thetarget system canreceive information from
laser-based simulators (TWGSS, PGS, CGUN, and MILES). Thefollowing information
can be received:

(@

(b)

(©)

(d)

(€)

Hit coordinates. PGS receives hit positionsin azimuth and elevation from other
TWGSS or PGS systems. The hit coordinate is in relation to the retro reflector.
The aspect angle of the attack is determined by the detector that received the
coded message.

Type of ammunition fired. PGS transmits the type of ammunition fired to allow
the target system to make an assessment of the hit/kill probability at the impact
point.

| dentity of attacking system. The identity of the attacker is also sent to the target
system and stored together with the target smulation results. Thisprovidestarget
pairing during AAR.

MILESinformation. If theattackerisaMILES-equipped vehicle, theammunition
type, identity, and effect of the smulation is indicated and stored by the target
system.

Control gun (CGUN) information. Instructors using the CGUN can transmit
information to PGStarget systems. Thisallowsthe controller toreload, reset, kill,
and test vehicles during PGS training.

Show Slide 28.

(4)

Tamper indications. The system senses, indicates, and stores any attempts to tamper
with PGS. Tamper isindicated on the control panel, with strobelights, and onthe TDRS
memory card. The following tamper attempts are indicated and stored:

(@
(b)

(©)

(d)
(€)

Disconnection of retro detector units. If aRDU cable is disconnected, tamper is
indicated. The crew has 30 seconds to reconnect before KILL is indicated.
Disconnection of hull defilade detector units. If an HDDU cableis disconnected,
tamper isindicated. The crew has 30 seconds to reconnect before KILL is
indicated.

Disconnection of power. Thesystem storesevery powerup onthe TDRSmemory
card. Thisindicatesto theinstructor during the AAR that the vehicle or PGS was
switched off during training.

Alteration of control panel functions. If ammunition or other training parameters
have been dtered, it will be identified during the AAR.

Disconnection of system cables. Any cables disconnected within the system will
be stored as BIT errors on the TDRS memory card.
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) Removal of TDRS memory card. If the TDRS memory card is removed and
reinserted, thiswill be noted on the TDRS memory card.

Show Slide 29.

(5) Target system template. Thetarget system usesatemplateto determine HIT/MISSand
target vulnerability. Thetemplateis programmed to accurately resemblevehicle' ssizeand
vulnerability for each of the ammunition types.

RSI Assembly. The RSl interfaces PGS and the global positioning sensor (GPS).
Show Slide 30.

(@D RSI position. The RSI is connected between the target computer unit and the TBOS
driver unit. The antennafor the RSl is connected to the RSI assembly.

Show Slide 31.
2 RSI main functions.

@ Position defemination. The RSl determines the position of each PGS in an
exercise. Every 50 m of movement is logged and stored on the TDRS memory
card for AAR. Each event is stored with position data. The RSI is required to
determine PGS position within a 50 m radius of actual.

(b) System time. The RSI receives the actual time from the satellite and adjusts the
PGS clock as necessary. Thisensuresthat all systemsin the exercise use the same
time to time tag training events. This simplifies result pairing during AAR.

Show Slide 32.
3 RSl system components. The RSI system consists of

€) RSl assembly. This assembly determines vehicle position.
(b) GPS antenna. This antenna receives signals from the satellite.

Vehicle Interface Assembly. The vehicle interface assembly consists of components used by
both firing system and target system.

11-11



11-12

LECTURE/CONFERENCE/DEMONSTRATION (Con't).

Show Slide 33.

(1)

Show Slide 34.

(2)

3)

Vehicleinterface assembly system design. The block diagram shows the connections
between the vehicle'sdiagnostic test panel (DTP) and the expansion unit. Also shownare
connections of the various PGS interface components.The vehicle interface assembly is
connected to PGS through the CAN link.

Vehicle interface assembly main functions. The vehicle interface assembly isthe link
between PGS and the BFV. The main function of thisinterfaceis:

(@

(b)

(©)

(d)

(€)

Receive and distribute power. Thevehicleinterface unit receives 24 voltsfromthe
vehicleés DTP J1. This power is converted, stabilized, and distributed to all PGS
components.

Monitor and inject signalsto and from turret weapons. PGSisinterfaced with the
BFV and its turret weapons through the DTP. The simulator sends and receives
signals to the vehicle through these connections via the vehicle interface.
Monitor turret weapon status for AAR. Some vehicle signals are stored for use
with the AAR. Some of these signals are ammo selected, ammo fired, and range
selected on range knob.

Reqister turret/hull relationship. PGS stores the turret/hull relationship through
the commander's turret position indicator (TPI). This information is used for
target simulation and AAR.

Inject sound into the vehicle intercom. The vehicle interface unit injects sound
cues into the vehicle intercom to simulate various firing systems, target system,
and BIT functions.

Vehicle interface assembly main components. The main components of the vehicle
interface assembly consist of:

Show Slide 35.

(@

Vehicle interface unit. This unit receives power from the vehicle and provides
power to PGS. It processes the interface signals to and from the vehicle.

Show Slide 36.

(b)

Expansion unit. This unit receives and sends signals to the turret weapons. It
communicates turret weapon status to the vehicle interface unit.
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Note. Show Slide 37.

g. Operator Interface. PGS is operated through the control panel. The control panel uses four

pushbuttons to operate menus containing all the functions needed to align, test, and train with

PGS.

Note. Show Slide 38.

@ Control panel main functions.

(@
(b)
(©)

(d)

Crewl/instructor interface. The control panel interfaces the crew and/or the
instructor with PGS.

Setup of system. The TDRS memory card downloads application-specific data
such as ballistics, parallaxes, target templates, etc. at system startup.

Defines training parameters. Training data such as training mode, ammunition
allowances, obscuration time, etc. is defined on the TDRS memory card. The
TDRSdatais programmed by theinstructor prior to training and downloaded into
the system during powerup.

Stores training events. The TDRS memory card stores training events for the
After Action Review (AAR). The AAR can be presented to the crew using the
TDRS computer unit.

Note. Show Slide 39.

2 Control panel crew functions. Thecrew usesonly part of the control panel's capabilities
during atraining exercise. The following tasks are performed by the crew:

(@

(b)
(©)
(d)

Built-in test (BIT). The crew verifies the system is operationa prior to, during,
and after training.

Alignment. The crew aigns the system to the vehicle prior to training.

Upload of ammunition. The crew uploads ammunition from hull to turret.
Presentation of training result. The crew uses the control panel to receive firing
results and, if fired upon, target results during training.

Note. Show Slide 40.

3 Control panel instructor functions. The instructor accesses a special control panel
menu through the CGUN transmission of a special access code. This menu alows the
instructor to perform the following:

(@

Time adjustment. Time is manually adjusted using the control panel.
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(b) Turret ammunition adjustments. The instructor adds or removes ammunition in
the turret without the use of the TDRS computer unit.

(c) Hull ammunition adjustments. The instructor adds or removes ammunition in the
hull without the use of the TDRS computer unit.

(d) View position. Theinstructor can view the position of the vehicleto determinethe
position of atarget during setup of a new gunnery scenario.

Show Slide 41.

System Cables. The system uses two types of cable connectors. These are:

(@D Military standard (MS) connector. This connector is mainly used for connections to
the vehicle.

2 Push-pull connector. This connector is normally used for connections within PGS.

Show Slide 42.

Control Gun (CGUN).

D CGUN features.

€) Rifle stock. This feature provides the user with support for long range shots.

(b) Laser transmitter. This eye-safe battery powered laser transmitter has a 2000 m
range capacity.

(c) Scope. This4X scope provides accuracy at long ranges.

Show Slide 43.
2 CGUN messages. The following information can be transmitted using the CGUN:

@ KILL. Thismessage is used by the instructor to kill vehicles.

(b) RESET. This message is used by the instructor to activate killed vehicles and
allow them to continue training. RESET aso restores ammunition load to the
preprogrammed amount.

(c) TEST. Thismessageisused by the instructor to verify that PGSisactivated and
functiona.

(d) TIME MARK. Thisfunction is used by the instructor to time tag events.

(e) ENABLE CONTROL. Thisfunction enablestheinstructor to upload ammunition
and reset systems during training without the use of the TDRS computer unit.
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Show Slide 44.

Retro Reflector Unit. The retro reflector unit is designed to be installed on pandl targets and

used for panel gunnery. They can also be installed on MILES-equipped vehicles to provide
"cooperative MILES targets.”

FINAL REVIEW. (5 minutes)

Student Questions.

Show Slide 45.

Summary of Main Teaching Points.

@ PGS components and their function
(29 CGUN

Show Slide 46.

Closing Statement. This block of instruction has provided the instructor with an in-depth

knowledge of PGS. The knowledge gained in this lesson will be of use when you train soldiers
in your unit.
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APPENDIX B
TO LESSON PLAN 11

PRESENTATION OF EQUIPMENT

STUDENT HANDOUT

B-1.

SCOPE.

This handout includes a basic description and principle of operation of the following:

a

b.

C.

B-2.

Simulation with laser light
The PGS firing system
The PGS target system

SIMULATION WITH LASER LIGHT.

PGS uses alow-power laser which is classified as eye-safe. It differs from the laser used in fire
control equipment rangefinders, which has far greater power and requires adherence to strict
safety regulations. The laser light used in PGS is compatible with the laser light used by MILES.
This means that the lasers transmit light at the same frequency.

Laser light travelsin astraight line at avery high velocity, the highest velocity known. Therefore,
it cannot be used directly to simulate a curved projectile trgjectory. Compared with the speed of
laser light, the projectile moves at avery low speed. A laser pulse reaches atarget 1000 m away
in about 3.3 microseconds (3.3x10°). It takes 200,000 times longer (0.7 s) for a projectile to
reach the same target if the velocity of the projectile is 1450 m/s. (See Figure 1).

Projectile time of flight 0.7 s

e e E A ———— e —— L
—e —— ——
e

T tray LI

Laser light travel time 3.3 us

Distance 1000 m

Figure 1.
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C. Targets used during precision gunnery training with PGS must be equipped with retro reflector
units which reflect the light back to the firing system. Theretro reflectors are used to determine
where the smulated round hits in relation to the target.

B-3. PGS FIRING SYSTEM.

a Thefiring system goesthrough a cycle each time the system simulatesfiring. The only exception
is the ammunition assignment which is performed when the TDRS memory card is downloaded
at PGS powerup. Ammunition selection, sighting, and firing are manual steps, while other parts
of the cycle are carried out automatically by the firing system.

b. All stepsin thefiring system smulation cycle areillustrated in Figure 2 and described as follows:

1 Ammo
assignment
6 - Inform‘ati.on
2 A o ﬂ transmission
selection
7 _ ) Evaluation
3 Sighting/ § > transmission
Firing 7 i
8 Evaluation of
4 Projectile traj pop retro detectors
simulation/ )1,
flying volume
T gyro stabilization 9 ‘Eﬁ* | End of simulation/
5 - Point store on
l é‘;}) determination TDRS memory card
=
|

Figure 2.
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PGSFIRING SYSTEM (Con't).

(@D Ammunition assignment.

Refer to detail 1 of Figure 2.

(@

(b)

(©)

Before the training exercise starts, the vehicle is assigned ammunition by the
instructor who programsthe TDRS memory card using the TDRS computer unit.
When PGS is powered up, the data from the TDRS memory card is downloaded
into PGS.

The data contains information on how much and which type of anmunition the
system will carry during the exercise. The ammunition assignment is stored in a
memory; each time the firing system simulates firing, the remaining ammunition
is decreased.

If ammunition runs out during the exercise, new ammunition must be assigned by
the instructor using the TDRS computer unit or a control gun (CGUN).

2 Ammunition selection.

Refer to detail 2 of Figure 2.

(@)
(b)

Ammunition selection is performed by use of the BFV weapon control box.
Thefiring system a so has the capability to simulate ammunition stored in the hull
of the vehicle. PGS simulates the time it takes to move the ammunition from the
hull to the turret. The upload time is adjustable.

(©)) Sighting and firing.

Refer to detail 3 of Figure 2.

(@
(b)
(©)

The vehicle's normal turret weapon and sights are used during engagements with
PGS. Firing of asimulated round is carried out in the sameway asduring livefire.
PGS is programmed with combat ammunition based upon firing table data and
flight dynamics.

The correct lead angle and superelevation of gun must aways be applied for a
successful engagement.

4 Projectiletrajectory simulation.

Refer to detail 4 of Figure 2.
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(5)

(@

(b)

(©)

When a round is fired with PGS, simulation of the projectile begins in the
transceiver unit. The purpose of this smulation is to determine the projectile's
position in space continuoudly throughout the time of flight. Thisisdonethrough
ballistic calculations based upon firing table data.

Simulation starts in the direction the gun barrel is pointing at the instant a live
projectile would have left the muzzle of the gun. This direction is called the
reference direction (see Figure 3).

The reference direction is used as reference to calculate the position of the
projectileduring simulation. Thisdirectionisgyro stabilized which meansthat the
gun barrel can move without affecting the simulated projectile's position during
time of flight.

Figure 3.

Flying volume.

Note. Refer to detail 4 of Figure 2.

B-4

(@

Laser light is sent out from the transceiver unit in long, narrow, pulsed beams
calledlobes. By combining thetransmission and reception of laser light within the
transceiver unit, the firing system creates something called the flying volume (see
Figure 4).
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(b)

(©)

(d)
(€)
(f)

Thisflying volumefollowsthe sametrgectory thelivefired projectile would have
taken. It followsthe projectile continuoudly, and the simul ated projectileisalways
in the center of the volume. The flying volume has the same velocity and
trajectory asthe projectile and is continuously scanned by pulsed laser lobesfrom
the transceiver unit.

Figure 4.

Assume the gunner lays on a moving target and has applied the correct
superelevation and lead angle. Since theflying volumefollowsthe sametrgjectory
as alive projectile and the flying volume velocity corresponds to that of the live
projectile, it will cover the target at that instant when the projectile either strikes
or passes the target. If aretro detector unit facing the firing vehicle has been
mounted on the target, the laser light will be reflected back to the transceiver unit
and the position of the target can be determined.

Thedimension of theflying volume and its position isdetermined by the projectile
simulated. The faster the round, the longer the flying volume.

The position of the flying volume is updated approximately 15 times per second
and with the trgjectory of the smulated ammunition type.

The position of the smulated projectile within the flying volume is updated
approximately 200 times per second, through the ballistic calculation performed
by the transceiver unit.
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(6)  Sweep.
Note. Refer to detail 4 of Figure 2.
The transceiver unit scansthe laser lobes vertically and horizontally. This scan provides
a horizontal sweep, as shown in Figure 5, which is used to search for targets within the

flying volume. The vertical scan is used to lower the projectile during its trajectory
simulation.

Laser lobe

7.
\ .
Scanned spatial angle
p
(%
.

Figure 5.
@) Projectile velocity.
Note. Refer to detail 4 of Figure 2.
The transceiver unit receives al reflections, but only those reflections which arrive from
retro detector units located within the flying volume are processed. Figure 6 shows a

target which isilluminated by laser light, but the flying volume has not yet reached the
target. Therefore, its reflections are not yet processed by the transceiver unit.
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Far end

Flying volume

Reflection

Figure 6.

(8 Curved projectile trajectory.
Note. Refer to detail 4 of Figure 2.

@ Sincethe actual projectiletrgectory iscurved, the laser lobes must be lowered as
the smulated projectile moves away from the muzzle so the flying volume will
always be located around the smulated projectile.

(b) Figure 7, which is highly exaggerated, shows three different projectile positions
during simulation. At the first position, the projectile has deviated very little from
the reference direction. At the second position, the projectile has dropped and the
flying volume (scanned area) must be lowered relative to the reference direction.
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I . irection
Simulated projectile trajectory — peferenc® d -
: : TG B
s - e i
1 2 3

Figure 7.

(©)] Gyro stabilization.

Refer to detail 4 of Figure 2.

(@

(b)

(©)

Gyrosin the transceiver unit sense gun barrel movement. During the projectile's
time of flight, the transceiver unit cal cul ates the extent to which the gun barrel has
moved away from the reference direction.

A gyro signal is generated which is used to:

1 adjust the position of the sweep in order to stabilize the simulated
projectilein the air;

2. adjust the position of the tracer, burst, obscuration simulator (TBOS)
simulation of the tracer in the tank's sight; and,

3. calculate impact on the target.

If, for example, the gun barrel is moved to the left after firing, the sweep aso
movesto theleft since the transceiver unit ismounted in the gun barrel. The gyros
in the transceiver unit sense this movement, and agyro signd is generated which
moves the sweep to the right (see Figure 8). This means that the flying volume's
sweep iskept in the same position as at the instant of firing (before the gun barrel
was moved). Asshown in Figure 8, thetotal deflection areaislargerelativeto the

sweep.
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Unstabilized direction
(after firing)

Gyro-stabilized ~
direction

Direction at instant of
firing (before gun barrel
is moved)

Figure 8.

(10) TBOSé€ffects.

Note. Refer to detail 4 of Figure 2.

@ The TBOS effects of aprojectile are smulated into the gunner's and commander's
sights. The TBOS units areinstalled in front of the sights. These units contain a
semi-transparent mirror on which the TBOS effects are projected (see Figure 9).
The gunner and commander see the surrounding terrain through the mirror aswell
as the projected TBOS effects. This makes for arealistic TBOS effect.

(b) For some vehicles, the TBOS effects are injected electronically into the sight of
the vehicle. For these vehicles, thereis no need to install the TBOS unit in front
of the sight.

(c) TBOS effects are ammunition dependent. The following TBOS effects are
simulated:

B-9



B-3. PGSFIRING SYSTEM (Con't).

Obscuration
Tracer

Burst on target
Burst on ground

I 100 1N [

(d) The position of the tracer in the sight is controlled by the projectile trajectory
simulation and gyro stabilization. This enables the tracer smulation to have the
sametrajectory asthe simulated projectile. Thesizeof thetracer isreduced asthe
distance between the projectile and the muzzle increases.

Tracer unit

Gunner’s

sight Gunner’s image of

A tracer burn

Figure 9.

(e) If the simulated projectile strikes the target or the ground, there will be a burst
simulating the impact. The burst on target effect islarger than a burst on ground
effect. Different typesof ammunition have different sizesof burst effect depending
of the capability of that ammunition.

(11) Hit point determination.

Note. Refer to detail 5 of Figure 2.
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@ Hit point determination is carried out when the flying volume coversthe target.
Figure 10 shows the principles used to determine the point of impact for alaser
lobe.

Laser beam

(1 of 3)

Projectile position

Position of laser
beams during impact
point determination

Target
retro reflector unit

Point-of-penetration information
transmitted in time inlerval
between two pulses

Figure 10.
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(b)

(©)

The transceiver unit, which scans the lobes, provides continuous information
about the current position of the lobes. When a reflection is detected by the
transcelver unit, theangular position of thelobeisdetermined. Thereference used
for this reading is the direction of the smulated projectile at the instant of
reflection.

The angle that is read is a measurement of the lateral position of the point at
which the smulated projectile hits the retro detector unit on the target. By
calculating the range in meters to the retro detector unit (target range), the angle
can be converted to a hit point (expressed in meters) in relation to the detector.

(12) Information transmission.

Refer to detail 6 of Figure 2.

(@

(b)

Hit point information istransmitted to the target vehicle so that the target system,
mounted on target vehicle, can calculate where the hit occurred and the extent of
the damage to the vehicle (probability of kill).

Hit point information is transmitted in coded form during the intervals between
laser lobe pulses (see Figure 10). The laser lobes transmit not only hit point
information, but also vehicle identity and the type of anmunition fired.

(13) Evaluation of reflections and laser lobe sweeps.

Refer to detail 7 of Figure 2.

(@

(b)

Reflections are evaluated on two occasions:

1 After one sweep with the lobes
2. After two or three sweeps

When a lobe sweeps past a retro detector unit, 6-7 pulses are reflected. The
average value of these pulsesis calculated and stored in the transceiver unit (see
Figure 11). During a sweep, a number of reflections from each lobe and each
retro detector are averaged and stored. Evaluation is carried out after three
sweeps. If al three sweeps contain reflections from the same target, the average
valueiscalculated. The point of impact is checked against atarget template (see
Figure 12).
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Sweep speed f—sf Lobe width Vappr;x. 0.8 milliradians
I milliradian per ms quy

S Time between pulses approx. 150 “s

Figure 11.

(©) If the point of impact lies within the area covered by the target template, the
round is considered as being aimed at this target (see Figure 12). Asaresult, the
tracer becomes brighter to simulate the projectilesburst, after which theburstis
extinguished and the simulation is stopped. After smulation, the firing result is
presented on the control panel and stored on the TDRS memory card for AAR
(see detail 9 of Figure 2).

Target template

Center of

/ target template

Retro detector

Figure 12.

(d) If the point of input lies outside the template, the tracer and simulation continue
until another target is hit or until the maximum range of the ammunition has been
reached. The maximum range corresponds to the maximum range for the
ammunition fired, that was progranmed on the TDRS memory card and
downloaded into PGS at powerup.
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PGSTARGET SYSTEM (Con't).

(14) Hit templates used.

Refer to detail 7 of Figure 2.

(@

(b)

Panel gunnery.

1 During panel gunnery, the template used to evaluate hit or miss depends
on which ammunition typethe gunner hasfired. For ammunition intended
to kill tanks, a T80 frontal target is assumed. For ammunition intended to
kil APCs, a BMP front is assumed. For ammunition used to engage
personnel, a knedling soldier is assumed.

PGSisdesigned so that the panel target has aretro reflector unit installed
in the center of mass. Any other installation will give an incorrect
engagement result.

INJ

Force-on-force. During force-on-force, the system uses the same template to
evaluate hit or missfor all ammunition types. The template used compensates for
the position of turret-mounted retro detector unitsin relation to the center of mass
of the vehicle. This centers the template around the center of mass of a vehicle.

(15) MILEStransmission.

Refer to detail 8 of Figure 2.

After acompleted PGS simulation, the transceiver unit transmits MILES information. If
the control panel indicates HIT, the transceiver unit transmits MILES to the target that
was hit. If aground hit isindicated, MILES is transmitted at the ground position.

(16) End of firing ssimulation.

Refer to detail 9 of Figure 2.

(@

(b)

(©)

After acompleted simulation cycle, theresultis presented to the commander/crew
on the control panel. The result presented indicates engagement result (HIT,
NEAR MISS, GROUND HIT, etc.), impact point, range to target, and
ammunition fired.

This result, together with additiona information such as time of round fired,
identity of firing system, remaining ammunition, and sel ected weapon system data,
are stored on the TDRS memory card for AAR.

The weapon system data contains information such as selected range in weapon
system, turret/hull relation, selected ammunition, fired ammunition, etc.
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The target computer unit is used to calculate the effects of hits on target (kill probability). The
effect of a projectile depends on where it strikes and the type of ammunition being used. The
target computer unit determineswhether the penetration point fallswithin the exposed target area
of the tank and calculates the effect (probability of kill) of the smulated projectile on the target.

A complete target system ssimulation cycle isillustrated in Figure 13 and described as follows.

(@D I nfor mation reception.

Refer to detail 1 of Figure 13.

1

gool 6

[\

V'Y
I
I
I{

)
1

Transmission
of hit info/
Type of ammo
and LD.

Determination
of penetration
point/direction

Template used
by target
simulator/

Hit sensitivity

Evaluation
of KILL
probability

KILL probability

indication/display
and stores it

on the TDRS
memory card

Figure 13
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€) Hit point information, sent by the transceiver unit of thefiring tank, isreceived by
laser detectorsin theretro detector units mounted on the target tank's turret (see
Figure 14). The retro detector units are mounted in fixed directions around the
tank, providing 360° coverage. Thetarget computer unit isconnected to all retro
detector units and hull defilade detector units.

(b) The target system determines which detector has received information by
determining thedirection of theincoming laser light. Wheninformationisreceived
by the retro detector units, thisinformation is provided to the target computer unit
which performs al calculations.

L
P
Left-front
retro
detector
Target computer/
rear retro detector
Hull def.
Left-front hull detector at
defilade turret bustle
detector rack corner
Figure 14.
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(©)

Before the flying volume, and thus the ssmulated projectile, reaches the target
vehicle, thefiring system of the firing vehicle sends out information that does not
contain hit point data (see Figure 15). Thisinformation is ignored by the target
computer unit of the target vehicle. Nothingis stored as results until an actual
hit point is determined. When an actua hit point is determined, this information
is stored for evaluation using the TDRS computer unit.

2 Penetration point and penetration direction.

Flying volume

Figure 15.

Refer to detail 2 of Figure 13.

(@

(b)

(©)

Hit point information, transmitted to the target as avalue in relation to the retro
detector unit, isre-calculated by the target computer unit to represent an azimuth
and elevation distance in relation to the center of mass of the target tank.
Thetarget can be hit simultaneoudly by ssimulated projectiles from more than one
firing tank. If this happens, the target computer unit evaluates each impact
separately. No accumulative effects are calculated if the same areais hit several
times.

Theimpact direction is determined by evaluating which of the detectors received
the hit point information. Eight detectors, two in each retro detector unit, are used
to calculate 12 30° sectors. Each sector is programmed to represent the target
Size and vulnerability.
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3)

(d)

If the penetration point is determined to be above the turret/hull rotation point,
the direction indicated by the retro detector unitsisused. If the hit is determined
to be below the rotation point, the direction is determined by the hull defilade
detector units. If the hit is determined to be below the rotation point (hull) and the
hull defilade detector units DO NOT detect any laser light, the hit is determined
to be in the berm of atank in defilade position (see Figure 16). This tank is not
killed and can continue to fight.

Figure 16.

Template used by target computer unit.

Refer to detail 3 of Figure 13.

(4)

(@

(b)

The target computer unit uses a template in which the contour of the target is
viewed from a particular direction. There are 12 templates, one for each of the
12 impact direction sectors.

The templates consist of agrid made up of small squares. Each of these squares
provides information of the probability of kill of the target for each type of
ammunition used. Thisinformation isused to calculatethekill probability of each
round impact.

Kill probability.

Refer to detail 4 of Figure 13.



B-3. PGSFIRING SYSTEM (Con't).

(@

(b)

(©)

(d)

(€)

Theeffect (kill probability) of around on thetarget is calculated from information
about the type of round fired and the impact area’s probability of kill. The
information sent to thetarget computer unit includesthetype of ammunition used.
Other needed information is retrieved from data that was downloaded into the
target computer unit from the TDRS memory card at PGS powerup.

The probability of kill calculation provides the following results:

NEAR MISS
HIT (no kill)
WEAPON KILL
MOBILITY KILL
KILL

107 1 100 N 1=

The impact point can lie outside the target outline. In such cases, the target
registers NEAR MISS. If the impact point isinside the target outline, the result
is HIT. If the hit is determined to be in the tracks or where weapon system
components are located, thisisindicated on the control panel.

Once a hit is determined, arandom number between 1% and 100% is generated.
If thisnumber ishigher than the probability of kill determined for theimpact point,
the target tank iskilled. If the random number islower than the probability of kill
for the impact point, the target tank indicates HIT, WEAPON KILL, or
MOBILITY KILL.

The purpose of the random number isto make the simulation more realistic since
a highly effective hit will usually, but not always, destroy a tank. Similarly, an
ineffective hit will sometimes destroy a tank.

(5) Target system indication.

Note. Refer to detail 5 of Figure 13.

(@)
(b)
(©)

(d)

NEAR MISSisindicated by two flashes from the retro detector unit strobe light.
A hit that does not kill isindicated by four to six strobe light flashes.

A hit which kills atank is indicated by continuous strobe light flashes. A killed
tank cannot resume fighting until the system has been reset by an instructor using
the control gun.

If MOBILITY KILL is presented on the control panel, the crew must stop the
tank within 30 seconds or catastrophic KILL will be indicated.
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(6)

End of target system simulation.

Refer to detail 5 of Figure 13.

(7)

@ After acompleted s mulation cycle, theresult is presented to the commander/crew
on the control panel. The result indicates kill probability (NEAR MISS, HIT,
MOBILITY/WEAPON KILL, and KILL), impact angle, and impact point.

(b) Thistarget result indication, together with additional information such astime of
impact and identity of attacker, are stored on the TDRS memory card for AAR.

(c) Weapon system data such as sel ected range in weapon system, turret/hull relation,
selected ammunition, fired ammunition, etc. is aso stored on the TDRS memory
card for AAR.

Target ssimulation.

If the firing system is MILES-equipped only, the evaluation is performed in a similar
manner. PGS receives information from the attacking MILES and determines direction
and effect of the MILES firing ssimulation. The result of the attack isstored inthe TDRS
memory card.

MILES does not send impact point information (i.e., impact point information is not
stored with the results on the TDRS memory card).
MILES codes received are IAW the enhanced MILES code structure.



